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K. Lakshminarayana* & H. M. Devi* : Embryology 
of Linociera intermedia Wt. (Oleaceae) 

K. y 9 ^ 5 ir y -Y j-* • H. M. x tf* : Linociera intermedia Wt. 

(a- V -t T f4) 

The Oleaceae is a small family of the flowering plants represented by 29 
genera and 600 species (Willis 1966). Economically the family is very important 
because it provides many valuable ornamentals which are of much garden value. 
Though this family had attracted the attention of early embryologists, the em- 
bryological work in this family is very meagre and cover only a few members. 
Therefore it is felt that the family deserves further attention embryologically. 
In the present investigation the various aspects of the life history of Linociera 
intermedia starting from flower bud to fruit were investigated. 

Material and methods The material Linociera intermedia Wt. was collected 
from the famous holy hills of Tirumala [Andhra Pradesh] by Prof. G. Rajeswara 
Rao was fixed in formalin acetic-alcohol. Dehydration and infiltration were 
followed according with the customary methods. The sections were cut between 
5-12 ,«m in thickness and stained in Delafield’s hematoxylin. 

Observations Linociera intermedia Wt. is a large tree with dense axillary 
panicles. The flower is tetramerous and consists of small, four lobed calyx, 
four short petals which are valvate in bud. The stamens are typically two in 
number, epipetalous and consist of short filament and broad connective. Ovary 
is 2-celled with two ovules in each cell. Fruit is an ellipsoid drupe with thin 
exocarp and bony endocarp. 

Microsporangium, microsporogenesis and male gametophyte. The primary 
archesporium becomes differentiated in the four corners of the anther. The 
archesporial cells divide periclinally and an inner primary sporogenous and an 
outer primary parietal layers are formed. The latter by further periclinal 
divisions give rise to an anther wall which is 3-layered (Fig. 1. A). The inner 
most parietal layer develops as the anther tapetum. The subepidermal layer 
develops fibrous thickenings and forms the fibrous endothecium which is uni- 
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seriate (Fig. 1C). However, these fibrous thickenings extend to some of the 
connective cells and there the fibrous endothecium becomes multilayered. The 
ephemeral middle layers become degenerated during the further growth of the 
anther. The tapetum is parietal in origin and is of the secretory type. The 
tapetal nuclei divide mitotically (Fig. 1. B) and produce 4-6 nucleate tapetal 
cells (Fig. 1. A). 

The primary sporogenous cells undergo few mitotic divisions resulting in a 
moderately extensive sporogenous tissue (Fig. 1. A). The pollen mother cells 
undergo simultaneous divisions and produce isobilateral and tetrahedral tetrads 
of which the latter being more common (Fig. 1. D). Cytokinesis is by furrow¬ 
ing. The meiotic divisions in all the locules of the same anther are not syn¬ 
chronous. In the same anther one locule shows undivided pollen mother cells 
and the remaining locules show pollen tetrads. In some cases, pollen tetrads 
and pollen grains are seen in the different locules of the same anther. 

The nucleus of the one nucleate pollen grain (Fig. 1. E) becomes displaced 
to the peripheral region by the formation of a large central vacuole. It undergoes 
mitotic division (Fig. 1. F) and cuts off a small lenticular generative cell and 
a large vegetative cell. The pollen grain are shed at the 2-celled stage. The 
pollen grains are triporate and occasionally tetraporate. The exine shows rod 
like thickenings and the intine is smooth (Fig. 1. E, F). The dehiscence of the 
anther is longitudinal and the pollen grains escape through the slit formed in 
the anther (Fig. 1. G). 

In Linociera intermedia an interesting case of an abnormal anther inside the 
normal anther is observed (Fig. 1. I, J). This abnormal anther is seen in one 
of the anther locules of the normal anther. It protrudes into the adjacent 
locule of the normal anther by piercing through the connective (Fig. 1. I). 
This abnormal anther does not show the usual wall layers like epidermis, fibrous 
endothecium, etc. However it shows an extensive tissue towards outside which 
is irregular in shape and outline. This inner anther consists of an inner layer 
of tangentially elongated cells which form a circular ring around the pollen 
grains (Fig. 1. J). This layer superficially appears as the ‘anther tapetum' with 
cells containing a single nucleus and dense cytoplasm. The abnormal anther 
had two sporangia. In one of them the pollen grains are aggiutinised and form 
a mass and in the other normal pollen grains are present. The pollen grains 
of the abnormal anther are identical to the pollen grains of the normal anther 
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Fig. 1. A. Longitudinal section of anther showing sporogenous cells, tapetum (1-4-nucleate) and 
wall layers. B. Tapetal cell with dividing nucleus. C. Transverse section of part of anther 
showing fibrous endothecium, degenerating tapetum and pollen grains. D. Tetrahedral pollen 
tetrad. E. One nucleate pollen grain. F. Nuclear division in the pollen grain. G. Transverse 
section of anther showing dehiscing point (st, stomium). H. Transverse section of anther- 
sporangium enlarged to show agglutinished pollen grains (ag p). I. Longitudinal section of 
anther showing an abnormal anther (ab an) inside the normal anther. J. Portion of the 1, I 
enlarged to show the details. 
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in all respects such as the structure of exine, intine, etc. The normal anther 
containing this abnormal anther shows all the usual components namely epider¬ 
mis, fibrous endothecium, pollen grains and connective tissue. 

Pollen and pollen sac degenerations. Degenerations of pollen at various 
stages of development were observed. 1, 2, 3 or all the pollen grains of a tetrad 
degenerate quite frequently. In most of the cases one or more pollen sacs of 
one or both anthers degenerate. In still others, all the pollen sacs of both the 
anthers are seen degenerating. In a few cases the pollen grains become agglu- 
tinised and form large masses. Quite interestingly the anthers where the 
agglutinised condition of the pollen is present, the subepidermal layer does not 
develop fibrous thickenings (Fig. 1. H). But the fibrous endothecium is differ¬ 
entiated on the connective side. 

Megasporangium, megasporogenesis and female gametophyte. The ovary is 
superior, bicarpellary, syncarpous and bilocular with two ovules in each locule 
on ax.ile placentation. The ovule is orthotropus, unitegmic and tenuinucellate 
(Fig. 2, A). An integumentary tapetum is differentiated which is uniseriate 
with uninucleate cells (Fig. 2. D). The hypodermal archesporium is unicelled and 
it directly functions as megaspore mother cell without cutting off a parietal 
cell (Fig. 2. B). The megaspore mother cell gives rise to a linear tetrad of 
megaspores (Fig. 2. D) after the meiotic divisions (Fig. 2. C). The chalazal 
one is functional and develops into an 8-nucleate embryo sac of the Polygonum 
type (Fig. 2. E, F). The mature megagametophyte is spindle-shaped (Fig. 2. 
F). The two synergids are flask-shaped. Two polars meet at the centre and 
fuse before the fertilisation. The antipodals are uninucleate and ephemeral. 

Fertilisation. It is porogamous. Syngamy and triple fusion occur more or 
less simultaneously. 

Endosperm. The endosperm is ab initio Nuclear and in latter stages shows 
rumination. Cell wall formation commences from the micropylar end and extends 
towards the chalazal end and ultimately filling the entire embryo sac with the 
cellular tissue. The rumination starts even when the endosperm is in a nuclear 
condition and by the time a globular embryo is formed the rumination becomes 
completed. The rumination here is due to the irregular ingrowth of the inner 
lining layer of the seed coat (Fig. 2. H). The endosperm extends into the 
grooves (Fig. 2. G). The endosperm cells are uninucleate and possess scanty 
cytoplasm. 

— 4 — 







102 _ mmzmu m 60 m g4t _ mm 60 g 4 n 

Embryo. The embryo development could not be traced in detail due to the 
paucity of the material. However only a few stages of embryo development 
could be traced (Fig. 3. A-C). By a comparision of the avilable embryogenic 
stages with the stages obtained by the previous workers (Soueges 1942, Mahes- 
wari Devi 1958, 1975) it appears that the embryogeny in this species is also of 
the Solanad type. The suspensor is uniseriate and elongated. 

Seed coat and fruit wall. The integumentary primordium arises simul¬ 
taneously with the differentiation of the megaspore mother cell. It grows soon 
and covers the nucellus by the time the megaspore mother cell enters into the 
meiotic divisions. An integumentary tapetum makes its appearance by the time 
a megaspore dyad is formed in the ovule. It can be clearly seen at the mega¬ 
spore tetrad stage. The integument is multiplicative and becomes massive at 
the post fertilisation stages. At the cellular endosperm stage the seed coat is 
very irregular in its inner side. 

The ovary wall at the megaspore mother cell stage consists of 8-10 layers 
of parenchymatous cells which possess prominent nuclei and less cytoplasm (Fig. 
3. D). At mature embryo sac stage, it consists of 14-16 layers of paren¬ 
chymatous cells. All the cells are similar in appearance and have prominent nuclei 
but no cytoplasm (Fig. 3. E). The epidermal cells at this stage begin to 
accumulate tannins. The outer wall of the epidermis becomes thickened. After 
fertilisation, it grows extensively and becomes massive. At a few celled embryo 
stage the fruit wall is 25-30 layered thick and at this stage it can be demarcated 
into two distinct zones, the exocarp and the endocarp. The exocarp consists of 
13-16 layers of somewhat large, loosely arranged, irregular cells. The endocarp 
consists of small, angular and closely arranged cells. By this stage the outer 
epidermal cells accumulate larger quantities of tannin. The outer wall of the 
outer epidermis is also very much thickened (Fig. 3. F). 

Discussion The anther tapetum in Linociera intermedia is parietal in origin 
and is of the secretory type. The tapetal cells though uninucleate to start with 
becomes 4-6-nucleate due to mitotic divisions in the tapetal nuclei. Maheswari 
Devi (1958, 1975) also observed 3-4-nucleate tapetal cells in Nyctanth.es arbor- 
tristis. Kapil & Yani (1966) reported nuclear divisions and fusions and ultimate 
formation of large irregular polyploid nuclei in the tapetal cells in N. arbor- 
tristis. 

The presence of an abnormal anther inside the normal anther is reported in 
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L. intermedia. In having pollen grains etc. the abnormal anther exactly resembles 
its normal counterpart. Such a condition is not reported in any other member 
of the family so far investigated. However, Andersson (1931) in Syringa 
bretschneideri, Messeri (1950) in Olea europea recorded development of pollen 
sacs from the ovules, while Dutt (1950) in Jasminum grandiflorum and Patel 
(1965) in N. arbor-tristis and /. flexile reported carpelloid stamens. Thus in this 
family it appears that there are a few abnormalities in the development of 
anther and ovule. 

In the presence of orthotoropous ovules L. intermedia differs with the rest 
of the members of the Oleaceae so far investigated. Uniseriate integumentary 
tapetum with uninucleate cells as reported in the present investigation was 
reported by Maheswari Devi (1958) in the species of Jasminum and Noronhia 
emarginata. She also reported biseriate integumentary tapetum at places in 
Ligustrum confusum and N. arbor-tristis. In the present study for the first 
time ruminate endosperm is recorded in the family Oleaceae. In L. intermedia 
the rumination is due to irregular inner lining layer of the seed coat. 

The authors are thankful to Prof. G. Rajeswara Rao for collecting and fixing 
the material. 

References 

Anderson, A. 1931. Studien fiber die Embryologie der Familien Celastraceae, 
Oleaceae und Apocynaceae. Lunds, Univ. Arsskr. N. F. Avd., 27 : 1-110. *Dutt, 

M. 1950. Bull. Bot. Soc. Bengal 4: 95. Kapil R. N. & R. S. Vani. 1966. 
Nyctanthes arbor-tristis Linn. Embryology and relationships. Phytomorphology 
16 : 553-563. Maheswari Devi, H. 1958. Embryological studies in Compositae 

and Gentianales. D. Sc. Thesis, Andhra Uhiversity, Waltair. - 1975. 

Embryology of Jasminums and its bearing on the composition of the Oleaceae. 
Acta Botanica Indica 3 : 52-61. Messeri, A. 1950. Alouni dati sulla embryologia 
ed embriogenensi di Olea europea. N. G. Bot. Ital. 57 : 149-169. Patel, N. K. 

1965. Carpelloid stamens in Oleaceae. Sci. Cult. 31 : 310-311. Soueges, R. 

1942. Embryogenie des Oleacees developpement de 1’embryon chez le Ligustrum 
ovalifolium Hassk. C. R. Acad. Sci. Paris, 215: 328-330. Willis, J. C. 1966. 
A dictionary of the flowering plants and ferns (Revised by H. K. Airy Shaw). 
Cambridge. * Not seen in original. 


— 8 — 



April 1985 


Journ. Jap. Bot. Vol. 60 No. 4 


105 


* % * * 

^ 9 -te'f f4 Linociera intermedia Wt. )jT T AEf+ T 0 endo- 

thecium T"0 < PjJx§ 0 tricorpate, ^ tetra- 

corpate T, I£|*JT2 till T^HI^o KBfcMlfe, iiWlfc SMEl+m 
9, Polygonum gj 

T2fe3 0 KfLUMW. Nuclear ST*, J; o TE?L 

mile rumination /To < h'K%> 0 EJf^l5jc<A#5^t Soueges (1942) •+ Maheswari 
Devi (1958, 1975) j&Sffe©* ? -ted £(-©ttTi8£ Lfc 4 O E IE] Ut|> * 0 


□ Jefferson, R. M. & K. K. Wain: The nomenclature of cultivated Japanese 
flowering cherries ( Primus) : The Sato-zakura group. U. S. Department of 
Agriculture, National Arboretum Contribution No. 5, 44 pp. 1984. 0TfccDib 1 -'f 

9 5 E L Xffbfltc V * 1 o m 

tixTASOT, ^£©~FMi£&<, £ 
‘The Sato-zakura group’ X, P> V >v y r y Hliic 

K?IJ L, i 5 rwJxT&3o IE E LTitffi 

OTE, lt|.5 0 Mx.it ‘FUGENZO’ ©Jl'iciT, 7jclf%.# (1681) 

tjCpj T 0, Prunus serrulata var. veitchiana Bean (1914) 4 T# < 111 $ 

ixTl'So ££ 0 >J ^ 1 k3M<D V * b 0**' 

E>j|2> , ffitr-WERUttflE 0&i\&42b5o fflljtt*. 

‘NADEN’ 4^>< Prunus sieboldii Wittm. -*p P. koidzumii Makino 

W»U0*Ot^ vOH^p a pliicPI5kcD^^A!'-^ffify/£ 'I * 
b"C2b?>o Sfiffi 1£ BE llELT fet'd*, National Technical Information Service, 5285, 
Port Royal Road, Springfield, Virginia, 22161, U. S. A. Tiff AT#' E> 0 OK 'iD 

•• 684 pp. 1984- IWjfgfrfT. 

#9up n n . - K-T I A C 

ttf^^M48Hl394{4TA 
>J x 1 SJxTW&o Mfi£fa-te y^oE v IOfca, fzhx.\t, +41- : flWWfit/flb -t 
©ftfegM* • E ^hfz^ < oMitfifltE < , itflofiTctt^JxT Wc 0 

tSOt, I^£g0$tl£rot 'TltM^TUW S itXEl979^R:flJ 

fj-$4xTT>'0, dix4S^iifi+T*2bSo #rciS"C*&£ 

ds £&:*3*BWMg, if%tto*M£Ex?>o (&#&£) 


— 9 - 



